Abstract An experiment was conducted to evaluate the conservation of blackberry, cv. Tupy, stored under refrigeration and coated with different edible coatings. Four treatments were carried out: control T1 (uncoated), T2 (chitosan 1.5 %), T3 (cassava starch 2.5 %) and T4 (kefir grains in water 20 %), stored at temperatures of 0 and 10°C; 1.0 % (m/v) sorbitol/glycerol was added as plasticizers. Chemical and physical-chemical evaluations (weight loss, firmness, pH, titratable acidity, soluble solids, SS/TA ratio and anthocyanins) were made, besides rot incidence. The results showed that cooling to 0°C combined with T2 showed an effect in reducing the physiological loss of weight (4.41 %), in retaining fruit firmness (19.1 N) and presenting lower incidence of rot (6.19 %). Likewise, in physical and chemical parameters: SS did not alter significantly during the whole period of 18 days of storage.
Introduction
In the State of Parana, Brazil, the production of blackberry is still low; the cultivars Tupy and Xavante presented in the first year an average production of about 10 t/ha and 6 t/ha, respectively. The cultivar Tupy is the most promising for this region (Antunes et al. 2007 ). This cultivar was obtained from crossing the cultivars Uruguay vs. Comanche, in 1982, in the research unit EMBRAPA Temperate Climate. The production started from November 20 and accounts for 70 % of the cultivated area in Brazil (Antunes 2002) ; it is currently the most planted cultivar in the country. The blackberry cultivar Tupy has an average production from 3.6 to 4 kg/per plant, and it is recommended for fresh consumption because it presents a tough skin, besides the active aroma due to low acidity (Manica 2000; Antunes 2002) .
Low temperatures are complementary methods of conservation, as well as modified atmosphere, irradiation, chemical treatments and edible coatings; however, these methods alone have unsatisfactory results (Hassimotto et al. 2008) .
Coatings based on cassava starch, besides to low cost, give fruits a good appearance, glossing and transparence; this kind of product improves the visual appearance of the fruit, presenting no toxicity to humans, and can be eaten without its removal (Lucena et al. 2004) . One of the most promising coating is chitosan because of its excellent properties in film formation, antimicrobial activity and a wide compatibility with other active substances in order to improve its antimicrobial efficacy (Park et al. 2005) . Piermaria et al. (2009) , in their work with kefiran (produced by the microflora of kefir grains), demonstrated its ability to form edible transparent films which can be indicated for use in the food industry, in particular.
The use of coatings for formation of semi-permeable barriers that prolong fruit quality aims at reducing the gas exchange and migration of solutes and the biochemical processes and physiological disorders (Rojas-Grau et al. 2008) .
Due to post-harvest short-life of blackberry fruits, new techniques of conservation, as the cooling and application of edible coatings, have been studied in order to extend the post-harvest life and to keep the fruit quality. The objective of this study is to evaluate the conservation and quality of blackberry cv. Tupy, stored under refrigeration and coated with different edible coatings.
Material and methods

Material
The blackberries cv. Tupy were purchased from Farm Samalou, in the city of Palmas, Paraná State and harvested at December 2009, in the morning; soon after the fruits were involved in 500 g plastic bags PET (polyethylene tereftalate), cooled and packed in polystyrene boxes to be transported to the Laboratory of Food Biochemistry, State University of Maringá, Maringá, Paraná.
Preparation of coatings
Chitosan (T2)
The coating of chitosan was obtained from the junction of chitosan (Polymar Company, with degree of deacetylation of 86.5 %) in a solution of ascorbic acid 0.8 % through agitation in an ultramixer (Britain brand with stainless steel blade and one speed rotor) for 2 min. So, 1.0 % of sorbitol/glycerol (m/v) indicated by Kester and Fennema (1986) was added under stirring until total homogenization.
The fruits were immersed in the solution for a period of 2 min at room temperature and then were left to dry on nylon screens; subsequently were weighed within PET packages and stored in BOD (Biochemical Oxygen Demand) camera at two temperatures: 0 and 10°C.
Cassava starch 2.5 % (T3)
The cassava starch (commercial) was dissolved in distilled water; subsequently led to heating at 70°C with constant stirring of the suspension until jellying (20 to 30 min), then it was left for resting until cool down (Campos et al. 2009 ); thereafter 1.0 % of sorbitol/glycerol (m/v) indicated by Kester and Fennema (1986) was added under stirring until total homogenization. The coating was applied onto the fruits as mentioned in item 2.2.1.
Kefir grain and water 20 % (T4)
Kefir grains were drained from liquid, weighed and disintegrated through an ultramixer (Britânia brand); after the disintegration distilled water was added and kept under heating at 50°C for 30 min with low rotation. It was left to cool and then 1.0 % of sorbitol/glycerol (m/v) indicated by Kester and Fennema (1986) was applied under stirring until total homogenization. The coating was applied onto the fruits as mentioned in item 2.2.1.
Preparation of fruits
The amount of 50 kg of blackberry fruits cv. Tupy was harvested with 100 % of the surface in black; the fruits were selected according to the level of maturity and sanity and later were hygienized for the application of coatings.
A total of 24 kg of fruits were destined to the experiment; from this total 6 kg of fruits were selected for each treatment: control-T1 (uncoated), chitosan 1.5 %-(T2), cassava starch 2.5 %-(T3) and kefir 20 %-(T4). After the coating application, 250 g of fruits were coated and packed in transparent plastic boxes (190 cm×120 cm×63 cm) without perforations, sheltered with PET (polyethylene tereftalate) cover, and then stored in a BOD (Biochemical Oxygen Demand) chamber under two different temperatures (0±1°C and 10±1°C). All analyses were performed every 3 days for a period of 18 days, starting on 12/15/2009 and ending on 01/02/2010. Physical and physicochemical analysis and incidence of rots After weighing, analyzed physically and check out for rot incidence, fruits were crushed in an ultramixer (Britânia brand) for 2 min to perform chemical analysis.
Physical analysis
Initially 250 g of fruits (approximately 30 units) were weighed for each storage time. A semi-analytical balance was used (Bel Engineering Mark 2200) for determining the difference (Eq. 1) between initial and final weight throughout the storage period; results were expressed in percentages, as in Eq. 1.
Mass loss
Fruit firmness was measured using a compression test through a texture analyzer (Stable Micro Systems, model TAXT.plus). A cylindrical probe SMSP/36R 36 mm in diameter was used for compressing the fruit up to 40 % of its height, at a speed of 1.5 mm.s −1 . Twelve fruits from each treatment were analyzed for each assessment period during storage.
Physicochemical analysis
The pH was determined by a potentiometer (pHmeter Hanna Instruments, Model pH 300). Titratable acidity (TA) was determined using NaOH (100 mM) for titration until pH 8.1; the result was expressed as grams of citric acid per 100 mL. The content of soluble solids (SS) was determined using a digital refractometer (Atago, model Pocket pal-1), with scale from 0 to 35°Brix, and then the ratio SS/TA was evaluated (Carvalho et al. 1990 ). The extraction and determination of anthocyanins were performed according to the methodology of Lees and Francis (1972) with modifications. The solvent used was ethanol (70 %) acidified to pH 2.0 with HCl. The fruits were weighed and triturated with ethanol, and left to stand overnight in the dark refrigerated at 4°C. The absorbance reading was performed by Genova spectrophotometer at 532 nm.
Incidence of rots
Fruits with rot and contaminants exceeding 20 % on the surface were detached throughout the storage period and the percentage of damage incidence was determined.
Data analysis
The statistical design was completely randomized and plotted 4×7×2 (treatments, evaluation periods and temperatures). The plot of each treatment was made with 250 g of fruits, and the physicochemical analysis performed in four replicates.
Data were statistically assessed by analysis of variance (ANOVA) and by the Tukey test (p<0.05) applied on the averages through the SAS statistical software (2001).
Results and discussion
This study presents the results on the conservation of blackberry though the combination of two techniques: refrigeration and edible coatings. The use of these coatings on blackberry was not found in the literature.
Fruits stored at 10°C and coated with T3 and T4 presented samples for analysis in 12 and 15 days of storage, respectively.
In Fig. 1 one may observe the changes in quality of blackberry during the storage period. At the temperature of 0°C (Fig. 1a) , all coatings have proved effective in reducing the mass loss in relation to T1 (control); the reduction of weight loss in fruits with coatings T2, T3 and T4 showed favorable commercial conditions, because the mass losses in these coatings did not change significantly the visual quality of fruits. Meneghel et al. (2008) , studying the cultivar Comanche stored at 0°C, report an average weight loss of 9.0 % after 18 days of storage. In this study, the same temperature with the coatings T2 and T4 may be indicated for mass loss reduction.
In Fig. 1b , the temperature of 10°C with coatings T3 and T4 were not efficient in relation to T1. In these two treatments, there was a great mass loss at the end of 18 days of storage. Among the coatings, the T3 presented the greatest loss under the two temperatures. Park et al. (2005) reported that coatings made of polysaccharides have hydrophilic characteristics and may not be effective as a barrier to moisture loss. Figure 1c displays the average reduction, in which the fruits of T3 and T4 showed the lowest firmness. In fruits coated with T2, the initial and final values were 19.69 and 19.34 N, respectively. During the storage period, the T2 had a average of 19.79 N.
As shown in Fig. 1d , fruit firmness decreased along with the increase of days; according Goulao and Oliveira (2008) , this fact can be attributed to several physiological and biochemical changes that include the conversion of starch into sugars, biosynthesis of volatile flavor and aroma and changes in the metabolism and structure of cell wall, resulting in the loss of fruit firmness. Mahajan et al. (2010) have worked with 1-MCP application in pears and observed fruit firmness tending to decrease during storage period. This tendency in reducing values of firmness was also observed in blackberry fruits studied in this work at temperature of 10°C for all treatments and for 0°C in treatments T1, T3 and T4. Sousa (2007) stated that values of firmness have only slight variations (3.5 and 4.20 N) until the ninth day in blackberry cultivars stored at 2°C; after this period, the firmness moves to 2.5 N. One may observe in this study that at the end of the eighteenth day, the fruits of T1 and T2 obtained forces of 3.04 and 3.01 N, respectively, stored at temperature of 10°C; these values are higher than those observed by Sousa (2007) at the end of the storage period at 2°C. However, under such conditions of firmness, the fruit is not adequate to consumption.
Values obtained from chemical analysis are presented in Tables 1 and 2 for storage temperatures of 0 and 10°C, respectively. During the storage period, there was a significant increase in pH in all treatments either for 0°C or 10°C. At the temperature of 0°C, the lowest pH values were obtained in T1 and T2 treatments from fifteenth day. In storage at 10°C, treatment T2 had the lowest pH value at the end of 18 days of storage. Tosun et al. (2008) , studying the behavior of pH during blackberry ripening, observed averages of 3.20 in unripe fruits, 2.64 in red fruits and 3.14 in mature fruits. The pH of the present study showed an average similar to that reported by these authors for ripe fruits.
For cultivars Comanche and Brazos studied by Antunes et al. (2003) , the initial values of pH were 3.59 and 3.39 and reached after 12 days of storage 3.94 and 4.09, respectively; there was an increase in pH of 0.40 and 0.70. In our study, an increase in pH values of 0.30 and 0.40 was observed at the end of 18 days of storage at temperatures of 10°C and 0°C, respectively.
One can observe as the pH increases, there is a decaying in organic acids, i.e., the values of acidity diminished. It can be emphasized that these factors are observed in the natural process of fruit senescence; however, this natural behavior may be controlled by storage at low temperatures.
In this study, in storage conditions of 10°C, the fruits coated with T3 and T4, after an initial reduction in values of TA, were followed by increases in acidity; the reduction may be caused by increased metabolism of fruits after harvesting, in which a greater consumption of organic acids are used as substrates in the respiratory process, in which there is a greater conversion into simple sugars during maturation (Chitarra and Chitarra 2005) . Meneghel et al. (2008) , working with the application of coatings on blackberry cv. Comanche, showed constant values for acidity during 18 days of storage, with average values of 0.86, 0.89 and 0.85 g of citric acid per 100 g. In this study, this fact was not observed because the levels of Fig. 1 Changes in quality of blackberries stored at 0°C (a, c and e) and 10°C (b, d and f), n04 (mass loss and rot incidence) and n012 (firmness). T1 (control), T2 (chitosan 1.5 %), T3 (cassava starch 2.5 %) and T4 (kefir 20 %) organic acids reduced until the end of storage. A reduction in values of titratable acidity during storage period was observed in grapes (Sabir et al. 2011) , guavas (Goutam et al. 2010) , and purple passionfruit (Kishore et al. 2011) .
During the storage time, the SS contents of fruits in T1 and T3 under 0°C showed a variation at ninth day; however, in the fruits coated with T2 and T4 the values remained constant and did not differ among them. During storage under refrigeration at 10°C, these levels decreased significantly. Mahajan et al. (2010) reported a weight reduction in pear fruits (control) after 60 days of storage, indicating a rapid degradation of these fruits by physiological processes. At the end of 18 days of storage, the fruits coated with T2 showed the highest value at 5 % of significance in relation to T1. Pandey et al. (2010) reported an increase of SS in guava up to 8 days of storage at room conditions followed by a reduction in all fruits in 14 treatments. Kishore et al. (2011) studying the effect of storage temperature on passionfruit has demonstrated a reduction of SS relatively faster in fruits stored at higher temperatures. These authors report that changing in SS contents is a natural phenomena occurring in storage period and is correlated to hydrolytic changes in carbohydrates during storage which happen during the stages of physiological development. Besides the changes occurred due to the development of microorganisms that can affect the development stages of blackberry, causing the reduction of SS, since the storage temperature with the highest reduction of SS showed the highest incidence of rot (Fig. 1f) .
The SS/TA ratio is used to assess the balance of sweet/ sour of fruits. Hassimotto et al. (2008) showed as the best relationship the average value of 7.4 for blackberry. Therefore, at the storage temperature of 0°C all treatments and T2 at 10°C showed results close to the average quoted by those researchers.
Observing the behavior of this ratio at 10°C, a reduction occurred in the value of SS/TA for T3 and T4, and an increase was observed in the values for T1 and T2. Checking the results for all treatments at 0°C, there was a significant increase during the storage period compared to zero time. This happened because the reduction in acidity and soluble solids remains constant, as reported by Hassimotto et al. (2008) . Acosta-Montoya et al. (2010) showed values of SS/TA for three stages of color (green, red and black) for fruits of Rubus adenotrichus Schltdl.: 1.77, 2.17 and 3.22, respectively; these results were lower than those observed in this study. The authors also reported that SS/TA ratio is also an excellent indicator of fruit maturity, because there is an increase in their values along with ripening. For anthocyanin contents at 10°C, the T2 kept constant levels throughout the period of 18 days, showing that this treatment did not change these constituents in blackberry; the T1 presented an increase in their values and it may be due to chemical changes during fruit ripening. At the temperature of 0°C, there was a change in the concentrations, but the reduction of these levels was only significant for T4. According to Araújo (2006) , several factors may contribute to the degradation of anthocyanins, such as sugars (especially fructose), which accelerate the darkening process, but pH between 1 and 3.5 gives greater stability. Thus, one can observe that when there was a reduction in the amount of anthocyanins in fruits stored at 0°C, pH values were close to the threshold value for stability. (Meneghel et al. 2008) . The values recorded for blackberry are between 83 and 326 mg.100 g −1 (Elisia et al. 2007 ). So, the anthocyanin contents of blackberries in this study showed levels in accordance to those reported in the literature. The percentage of rot incidence can be seen in Fig. 1e and f, in which the T4 coating showed the highest incidence of decaying at 0°C. The fruits under this temperature had the first rejected fruits from the sixth day for T4 coating; for other treatments, the rejection began only at 12 days of storage. At the end of 18 days, the lowest average was shown in fruits coated with T2 (6.19 %), followed by T1 (6.49 %); these averages were lower than those averages presented by Perkins-Veazie et al. (1997) , who studied the storage of blackberry fruits cv. Navaho under 2°C for 7 days, followed by 2 days at 20°C, with rot incidence of 14 %.
Great losses at temperature of 10°C (Fig. 1f) was observed as early as 3 days of storage; this can be occurred because of ripeness condition of fruit at harvest, post-harvest handling, transport conditions and climatic conditions during harvesting period. The highest incidences occurred in T3 and T4 coatings, and T2 was the best treatment, with an average of 32.4 % during storage. Hernández-Muñoz et al. (2008) , studying the application of chitosan coating at 1 % and 1.5 % in strawberries during 7 days of storage, reported a delay in fruit senescence and in fungal deterioration when stored at 10°C; this benefit was enhanced when higher concentration of chitosan was applied.
At 0°C, the contamination may be due to gray mold (Botrytis cinerea), because this fungus grows at 0°C with a slow developing, according to the literature. To avoid this type of contamination at this temperature, sanitation and adequate care in handling from the application of coatings to packaging should be closely monitored.
Conclusion
Cooling to 0°C combined with T2 showed the best results as to physical parameters (mass loss and firmness) and rot incidence. In the same temperature, the fruits T1 showed the largest mass loss followed by T3. The T4 followed by T3 at 0°C showed the highest incidence of rot and mass loss in the period of 18 days of storage. The storage conditions at 10°C and the related temperature treatments were not effective in reducing post-harvest losses (physical and physical-chemical qualities), thus shortening the fruit shelf life and accelerating the onset of contaminants and rot.
